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Laparoscopic intraperitoneal onlay mesh repair (IPOM) is associated with significant postoperative pain which delays recovery and negates the benefits of short hospital stay and an early return to normal activities offered by laparoscopy.\[[@ref1][@ref2][@ref3]\] Unrelieved postoperative pain may result in complications such as hypoxemia, pulmonary atelectasis, deep vein thrombosis, and delayed ambulation. Adequate pain relief in laparoscopic IPOM is a challenge, primarily due to fixation of mesh with multiple transfascial sutures and tacks.\[[@ref4][@ref5][@ref6][@ref7]\]

Transversus abdominal plane (TAP) block is one of the several modalities used for pain relief in the postoperative period. It involves deposition of local anesthetic into the fascial plane superficial to the transversus abdominis muscle, where nerves supplying the anterolateral abdominal wall traverse (T~7~--T~12~ intercostal nerves, ilioinguinal and iliohypogastric nerves, and the lateral cutaneous branches of the dorsal rami of L~1~--L~3~).\[[@ref8]\] TAP block provides excellent postoperative analgesia, decreases opioid requirement, and is conducive to favorable respiratory mechanics. These facilitate early mobilization and discharge, significantly improving the patient\'s quality of life up to 6 months postoperatively.\[[@ref9]\] However, rare complications of TAP block such as injury to the kidney, spleen, liver, and intestines have been reported if the fascial plane is localized by the blind insertion technique.\[[@ref10]\]

Use of ultrasonography for regional blocks offers direct visualization of the anatomical plane, needle placement, and the pattern of local anesthetic spread resulting in increased safety margin and optimal block quality. The successful use of US-guided TAP block has been reported in several other surgical procedures: donor hepatectomy, colorectal surgery, inguinal hernia repair, laparoscopic bariatric surgery, retropubic prostatectomy, iliac crest bone graft, and also in patients experiencing somatosensory chronic abdominal pain where other forms of pain management had failed.\[[@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18]\] In the present study, we compared the analgesic efficacy of ultrasound (US)-guided bilateral TAP block using ropivacaine with conventional systemic analgesia in patients undergoing laparoscopic IPOM surgery. We also studied the effects of TAP block on the time of appearance of bowel sounds, time of ambulation, length of hospital stay, and side effects, if any.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

After obtaining institutional ethics committee approval (EC/03/12/356) and written informed consent from patients, this prospective randomized single-blind study was conducted on 50 adults of both sexes of American Society of Anesthesiologist physical status classes I and II, scheduled to undergo laparoscopic IPOM repair under general anesthesia. Exclusions from the study included patients with coagulopathy, allergy to local anesthetics, major systemic illness, inability to understand the study protocol, and those not consenting for the procedure. Randomization of the study technique was performed using computer-generated codes, stored in sequentially numbered, opaque envelopes. The patients were divided into two groups: those who received conventional systemic analgesia (Group I) and those who received US-guided TAP block in addition to conventional systemic analgesia (Group II). Patients of Group II received the US-guided TAP block before the skin incision of surgical procedure following the induction of standard general anesthesia. Preoperatively after recruiting patients for the study, an anesthesiologist instructed and familiarized the patients on the use of the visual analog scale (VAS). This scale was presented as a 100 mm scale, identifying 0 as "no pain" and 10 as "worst imaginable pain."

All patients underwent a thorough preanesthetic evaluation. Tablet ranitidine hydrochloride 150 mg and tablet alprazolam 0.25 mg were given to all patients on the night before and the following morning of surgery. Patients were kept fasting for 6--8 h before surgery.

In the operation theater, monitors including electrocardiography, noninvasive arterial blood pressure (NIBP), pulse oximetry, capnography, and neuromuscular monitor were used.

After obtaining the baseline values, intravenous (i.v.) access was secured and midazolam 1 mg i.v. was given to all the patients. Anesthesia was induced with propofol 1.5--2 mg/kg and fentanyl citrate 1 μg/kg, followed by vecuronium bromide 0.1 mg/kg to facilitate placement of an appropriate-sized ProSeal laryngeal mask airway (LMA^®^ ProSeal™ Airway). A gastric tube was passed through the drain tube in all cases. Patients were mechanically ventilated with a tidal volume of 6 ml/kg and respiratory rate was adjusted to maintain EtCO~2~ between 36 and 44 mmHg. Anesthesia was maintained with sevoflurane (a minimum alveolar concentration of 0.8--1.2) in 50% oxygen with nitrous oxide using a closed-circuit breathing system (Prima SP, Penlon, Abingdon, Made in UK, CE0473). Supplemental boluses of i. v. fentanyl citrate 20 μg were given to keep the heart rate and blood pressure within 20% of baseline values. Additional maintenance doses of i.v. vecuronium bromide (0.02 mg/kg) were given to achieve adequate muscle relaxation. All patients received crystalloids at a rate of 10 ml/kg/h intraoperatively. Group I patients underwent surgery without any further intervention while Group II patients in addition to conventional systemic analgesia protocol received bilateral US-guided TAP block before surgical incision. A 38-mm linear array US probe (3-6 MHz) was positioned in the midaxillary line in the axial plane halfway between the iliac crest and the costal margin. Views were considered satisfactory, if subcutaneous fat, external oblique muscle, internal oblique muscle, transversus abdominis muscle, peritoneum, and intraperitoneal structures were identified. A 200-mm long, 20-G short-bevel needle (Stimuplex, B. Braun Melsungen AG, Germany) was introduced anteriorly and inserted in plane under real-time US guidance to lie between the internal oblique and the transversus abdominis muscles. The placement of the needle in the right plane was confirmed by hydrodissection using 2 ml of saline and negative aspiration of blood, followed by injection of 0.5% ropivacaine (Ropin, Neon Laboratories Ltd, Mumbai, India), 15--20 mL each on either side. An echolucent boat-shaped space was formed between the two muscles on injecting the local anesthetic. Participants received a total dose of 3 mg/kg of ropivacaine. This dose has been used in a previous study, demonstrating the efficacy of the TAP block.\[[@ref19]\] The surgical procedure followed thereafter.

All patients were operated using two 5 mm and one 10 mm port in the midclavicular line. The dual surface mesh was fixed using transfascial sutures and tacks (ProTack™, Medtronic USA).

In all cases, 30 min before reversal of neuromuscular blockade, intravenous 75 mg diclofenac sodium and 4 mg ondansetron were administered. The surgeon was asked to infiltrate the port sites with ropivacaine 0.5% 10 mL, while closing the abdomen, in both groups. At the end of the surgery, neuromuscular blockade was reversed with neostigmine 0.05 mg/kg and glycopyrrolate 0.01 mg/kg. The trachea was extubated when the patient was awake. The patients in both groups were evaluated for intraoperative fentanyl requirement. Postoperatively, patients were transferred to the postanesthesia care unit for observation for at least 2 h and then later to the ward.

The intensity of postoperative pain was evaluated using the VAS during the first 24 h. In the postoperative anesthesia care unit, pain assessment was performed every 30 min for the first h and was followed up in the ward for a period of 24 h at intervals of 4, 6, 12, and 24 h. Patients in both groups received intravenous diclofenac sodium 75 mg at 8 h intervals. If the VAS score exceeded 4 in any patient in either group, then the patient received intravenous tramadol 25 mg, as rescue analgesic. Postoperatively, patients were also assessed for time of ambulation, return of bowel sounds at 6, 12, and 24 h, and time of discharge from the hospital. The presence of nausea, vomiting, and sedation were recorded. Complications related to TAP block were also noted. The data were collected by trained nurses (in the postanaesthesia care unit and the ward) who were blinded to the anesthesia technique and the randomization of the patients. The progress of the trial has been depicted in the Consolidated Standards of Reporting Trial (CONSORT) diagram \[[Figure 1](#F1){ref-type="fig"}\].

![Consort flow diagram](AER-13-126-g001){#F1}

Statistical analysis {#sec2-1}
--------------------

Based on a pilot study of 10 patients, we expected that the mean and standard deviation (SD) of VAS in Group I to be 6.0 and 2.5 while in Group II, it was expected to be 4.0 and 1.5. Twenty-two patients were required in each group to obtain a power of 0.9 with alpha set at 0.05. However, we enrolled 25 patients in each group to take care of any dropouts from either group. The statistical analysis was carried out using Statistical Package for Social Sciences version 17.0. Normally distributed data were presented as mean (SD) and categorical data as frequencies. Unpaired t tests were used for comparison of continuous variables between the two groups. For nonnormally distributed data, Wilcoxon rank-sum test was used. Differences between groups were assessed with Chi-square or Fisher\'s exact test for categorical variables as appropriate. *P* \< 0.05 was considered as statistically significant.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

There were no differences between the two groups with regard to age, height, weight, BMI, and duration of surgery as shown in [Table 1](#T1){ref-type="table"}. The intraoperative hemodynamic and intraoperative requirement of fentanyl were comparable in two groups.

###### 

Patient characteristics and intraoperative parameters

                                Mean±SD      *P*          
  ----------------------------- ------------ ------------ ---------
  Age (years)                   52.84±9.6    47.04±12.8   0.078
  Weight (kg)                   67.72±5.8    70.64±11.6   0.270
  Height (cm)                   159.08±6.1   162.04±8.0   0.149
  BMI (kg/m)                    26.78±2.1    26.4±3.3     0.638
  Duration of surgery (min)     85.44±15.7   93.24±13.9   0.070
  Length of hospital stay (h)   23.64±2.9    22.56±3.2    0.026\*

\**P*\<0.05 is considered statistically significant. Data are mean±SD. Group I=Control group, Group II=TAP group, SD=Standard deviation, TAP=Transversus abdominal plane

The VAS scores as shown in [Table 2](#T2){ref-type="table"} were higher at all measured points of time and statistically significant, except at 90 min (*P* = 0.079), in Group I as compared to Group II, and the difference was highly significant (*P* \< 0.001), except at 30 min (0.017).

###### 

Postoperative pain scores visual analog scale, rescue analgesia, and postoperative nausea and vomiting

                              Mean±SD      *P*         
  --------------------------- ------------ ----------- -----------
  VAS score                                            
   30 min                     5.04±1.42    4.12±1.2    0.017\*
   60 min                     5.16±0.98    4.04±1.3    0.001\*
   90 min                     4.68±0.98    4.04±1.4    0.079
   120 min                    4.56±0.87    3.56±1.15   0.001\*
   4 h                        4.64±0.86    3.56±1.04   \<0.001\*
   6 h                        5.12±0.97    3.40±1.32   \<0.001\*
   12 h                       4.24±0.879   2.84±1.21   \<0.001\*
   24 h                       3.40±0.57    2.28±1.13   \<0.001\*
  Rescue analgesia, *n* (%)                            
   30 min                     15±60.0      4±16.0      0.003\*
   60 min                     11±44.0      8±32.0      0.32
   90 min                     9±36.0       4±16.0      0.196
   120 min                    10±40.0      2±8.0       0.018\*
  PONV, *n* (%)                                        
   4 h                        10±40.0      4±16.0      0.114
   6 h                        18±72.0      5±20.0      \<0.001\*
   12 h                       9±36.0       2±8.0       0.037\*
   24 h                       1±4.0        1±4.0       1
   30 min                     15±60.0      4±16.0      0.049\*
   60 min                     3±12.0       1±4.0       0.609
   90 min                     1±4.0        1±4.0       1
   120 min                    0±0.0        0±0.0       \-

\**P*\<0.05 is statistically significant. Data are *n*, mean±SD, and percentage. Group I=Control group, Group II=TAP group, PONV=Postoperative nausea and vomiting, TAP=Transversus abdominal plane, VAS=Visual analog scale, SD=Standard deviation

The demand for rescue analgesia was higher in Group I \[[Table 2](#T2){ref-type="table"}\] at all times in the postanaesthesia care unit but was statistically significant at 30 min (*P* = 0.003) and at 120 min (*P* = 0.018). In the ward, the demand for rescue analgesia was significantly higher at 6 and 12 h.

The incidence of nausea and vomiting was significantly higher in Group I, but only at 30 min (*P* = 0.049) after which it was comparable in the two groups \[[Table 2](#T2){ref-type="table"}\]. No patient complained of sedation or pruritis in either group.

At 12 h, 7 patients (28%) of Group II had started to ambulate against none in Group I. At 24 h, 16 patients (64%) of Group II ambulated against 7 patients (28%) of Group I. There was statistically significant difference in time to ambulate at 12 h (*P* = 0.010) and at 24 h (*P* = 0.011) as shown in [Table 3](#T3){ref-type="table"}.

###### 

Ambulation time and return of bowel sounds

                           Group 1 (*n*=25), *n* (%)   Group 2 (*n*=25)   *P*
  ------------------------ --------------------------- ------------------ ---------
  Ambulation                                                              
   4 h                     0 (0.0)                     0 (0.0)            \-
   6 h                     0 (0.0)                     0 (0.0)            \-
   12 h                    0 (0.0)                     7 (28)             0.010\*
   24 h                    7 (28)                      16 (65)            0.011\*
  Return of bowel sounds                                                  
   4 h                     0 (0.0)                     0 (0.0)            \-
   6 h                     0 (0.0)                     0 (0.0)            \-
   12 h                    4 (16)                      14 (56)            0.007\*
   24 h                    22 (88.0)                   25 (100.0)         0.235

\**P*\<0.05 is statistically significant. Data are frequency (*n*) and percentage. Group I=Control group, Group II=TAP group, TAP=Transversus abdominal plane

It was observed that although bowel sounds appeared at 12 h in both groups, the difference was statistically significant (*P* = 0.007) as more patients of Group II had the presence of bowel sounds at this juncture. There was no statistically significant difference between two groups at 24 h \[[Table 3](#T3){ref-type="table"}\].

Statistically significant difference (*P* = 0.026) was observed between the two groups for time of discharge after surgery with the mean time of discharge of patients being 23.6 h and 22.6 h for Groups I and II, respectively \[[Table 1](#T1){ref-type="table"}\].

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Laparoscopic IPOM repair of ventral hernia is a commonly performed surgical procedure. Our study demonstrated that supplementing a conventional multimodal analgesic regimen with US-guided TAP block resulted in decreased VAS scores and decreased requirement of rescue analgesics. There was early ambulation, early appearance of bowel sounds, and shorter discharge time from hospital. There was also decreased incidence of nausea and vomiting.

The modalities for providing postoperative pain are developing as the components of standard multimodal analgesic regimen continue to evolve. Local anesthetics have opioid-sparing effects and improve patient satisfaction. US-guided block further improves the efficacy and accuracy of the block by giving real-time images, reducing chances of failure.

We performed the TAP block under US guidance using ropivacaine (3 mg/kg) without any untoward effects although Griffth has cautioned that this dose may be accompanied by local anesthetic toxicity.\[[@ref20]\] It has been suggested by Kato *et al*. that local anesthetic absorption following TAP block may partly result from leakage of the drug from the fascial plane out into the surrounding abdominal musculature. It is likely that ultrasound guidance may actually increase the accuracy of injection and decrease plasma levels of local anesthetic compared with a blind technique.\[[@ref21]\]

The block was performed preoperatively though there is controversy as to whether the block should be administered preoperatively or postoperatively.\[[@ref22][@ref23]\] The timing of placing the block is important; if the duration of surgery exceeds the peak plasma concentrations of ropivacaine, it is unlikely that clinical neurotoxicity of the drug would be detected. The study done by Griffiths, however, has implications for TAP blocks performed at the conclusion of surgery for pain relief, or for brief operations, where potentially neurotoxic plasma concentrations could be present in conscious patients.\[[@ref20]\]

There have been numerous studies involving the use of TAP block by blind, laparoscopic, and US-guided techniques for abdominal and inguinal surgical procedures with reports of providing good postoperative pain relief.\[[@ref10][@ref12][@ref24]\] A meta-analysis comprising of 31 studies including 1,611 adults evaluated the analgesic efficacy of US-guided TAP blocks in abdominal surgery (laparotomy, laparoscopy, and cesarean delivery). It was found to provide marginal postoperative analgesic efficacy; however, there was no additional analgesic effect in patients who also received spinal anesthesia containing a long-acting opioid. It was also reported that the minimal analgesic efficacy was independent of the timing of injection, the approach adopted, or the presence of postoperative multimodal analgesia. These findings need to be interpreted with caution due to heterogeneity of the results.\[[@ref25]\]

In our study, the VAS scores in Group II were significantly lower as compared with Group I which persisted up to 24 h, as reported in previous studies.\[[@ref26][@ref27]\] In a prospective randomized controlled trial where laparoscopic-assisted TAP block was given with 0.25% bupivacaine compared to saline for postoperative pain control in patients undergoing laparoscopic ventral hernia repair, it was reported that TAP group with bupivacaine significantly lowered pain scores and decreased opioid consumption for 24 h.\[[@ref13]\] The fascial plane of TAP targeted by the action of local anesthetic has poor vascularity, and hence, the action is prolonged and not associated with any major complication.\[[@ref28]\]

In the present study, we found that the group receiving TAP block required significantly less rescue analgesia than the control group (*P* = 0.03). There was reduced overall tramadol consumption in the first 24 h postoperatively proving that a single-shot TAP block can produce effective analgesia for at least more than 24 h. The overall consumption of tramadol in Group I was 2.76 (2075 mg compared to 750 mg) times higher than Group II.

Similar results have been reported that patients receiving TAP block in abdominal surgery require less rescue analgesia when compared to patients who had not been administered the TAP block.\[[@ref29][@ref30][@ref31][@ref32]\]

The role of early relief of postoperative pain cannot be stressed enough as it confers a multitude of benefits that result in improved clinical outcomes. There is a reduction in the side effects of opioids administered such as respiratory depression, nausea and vomiting, ileus, and constipation all of which contribute to increase in the hospital stay. With timely postoperative pain relief, there is early mobilization, reduced length of hospital admission, and the patient is satisfied.\[[@ref33][@ref34]\]

Time to ambulation after surgery was significantly shorter (*P* = 0.011) in Group II patients. Our results are supported by previous work.\[[@ref35]\] There was a significant difference in the appearance of bowel movements in the two groups. Bowel sounds returned at 12 h in both groups, but in greater number of patients in Group II as compared to Group I (*P* = 0.007).\[[@ref36]\]

In the present study, all our patients were discharged within 24 h. Group II patients were discharged earlier than Group I patients (*P* = 0.026). Studies have reported that majority of the patients are discharged after 24 h following hernia surgery.\[[@ref37][@ref38]\] In a study of 202 patients who underwent ventral hernia repair by laparoscopic IPOM, the mean hospital stay was 1.8 days.\[[@ref39]\] A recent study supports this finding of the shorter length of hospital stay.\[[@ref40]\]

The incidence of postoperative nausea and vomiting was higher in the Group I in our study. Similar results have been reported in an earlier study.\[[@ref33]\] TAP block, by reducing pain, has probably decreased the incidence of postoperative nausea and vomiting.

We used the ultrasonography-guided technique to avoid complications as more complications have been reported with the blind approach.\[[@ref41]\] There were no adverse events due to TAP block in this study. Although most studies have not reported complications attributable to TAP block, there have been a few studies which reported local anesthetic toxicity, inadvertent local anesthetic spread involving femoral nerves, and organ injuries such as liver lacerations and colon puncture following TAP block.\[[@ref10][@ref42]\] Jankovic *et al*. observed a TAP catheter in the peritoneal cavity during an open nephrectomy; however, no reports of injury to the organs was reported.\[[@ref43]\]

There are a number of limitations of our study. Although a single injection can achieve sensory block over a wide area of the abdominal wall, we were unable to assess the extent of block as it was performed after induction of general anesthesia. Our study period was limited to the first 24 h postoperatively. Finally, we did not evaluate patient satisfaction in our study although there have been many studies reporting high patient satisfaction with TAP block.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

US-guided TAP block decreased the incidence of pain and reduced requirement of rescue analgesia and antiemetics in the postoperative period in the study. It also helped in decreasing the time to ambulation and facilitated early discharge from the hospital. These advantages need to be confirmed by larger studies to establish TAP block as a reliable modality for providing pain relief in patients undergoing laparoscopic IPOM surgery.
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